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Laparoscopic vascular surgery: 
Four case reports 
Eric S. Berens, MD, and James R. Herde, MD, Tucson, Ariz. 
Purpose: We report four cases of laparoscopic vascular procedures (two iliofemoral 
bypasses, one aortobifemoral bypass, and one aortoiliac endarterectomy) performed with 
a technique that does not require insufflation of the peritoneal cavity with gas. 
Methods: Initially in the porcine model and later in patients, we developed a laparoscopic 
technique with a mechanical rm used to mechanically elevate the abdominal wall, creating 
a working cavity. Conventional vascular instruments were used in combination with 
laparoscopic devices. Five to seven ports were needed for the procedures (four to six ports 
of 0.5 to 1.5 cm and one incision of 4.0 cm). Exposure was maintained by use of 
roticuiating fan retractors and laparotomy sponges. End-to-side technique was used for all 
graft anastamoses (cross-clamp time of 40 to 70 minutes). Distal anastamoses were 
performed through an open femoral incision. Operative time was 5 hours (iliac procedure) 
and 7 hours (aortic procedure). 
Results: All patients were ambulating and tolerating a regular diet within 24 hours (iliac 
procedures) or 48 hours (aortic procedures) after operation. They were discharged home 
on the second (iliac procedures) or third (aortic procedures) postoperative day. Within 1 
week they had resumed normal daily activities. No complications occurred, and no blood 
bank products were transfused. When compared with the standard surgical approach, 
gasless laparoscopic technique gave a faster postoperative r covery with less pain and 
decreased the risk of wound herniation, dehiscence, and infection. From a laparoscopic 
standpoint, he use of disposable instruments was minimized and the theoretical risk of 
CO 2 embolism eliminated. 
Conclusion: These four cases demonstrate that laparoscopic vascular bypass procedures are 
feasible and that the accepted advantages of laparoscopy can be extended to patients 
undergoing vascular surgery. (J VASC SURG 1995;22:73-9.) 
The demand for minimally invasive procedures 
has been patient driven, and general surgeons have 
responded rapidly. Over the past 6 years almost all 
major abdominal operations have in some way been 
modified and in many cases improved by laparos- 
copy. However, this has not yet been true in the field 
of vascular surgery. A case report by Dion et al.1 
described the application of conventional laparos- 
copy to assist in the retroperitoneal dissection and 
placement of an aortobifemoral graft. The proximal 
aortic anastomosis was performed through aminilap- 
arotomy without laparoscopic assistance. Although 
operating time and length of hospitalization were not 
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documented in the article, these authors must be 
credited with taking the first step toward a less 
invasive approach to aortoiliac vascular surgery, 
which would presumably lead to improved postop- 
erative recovery. 
We report four vascular cases in which the 
abdominal dissection, graft insertion, anastomosis, 
or endarterectomy were performed with laparoscopy. 
These were accomplished with a newly developed 
gasless technique in which laparoscopy replaced 
laparotomy. To our knowledge, these are the first 
four reported cases with this new technique. 
METHODS 
With the porcine model, we initially tried to 
perform a vascular anastomosis under pneumoperi- 
toneum. With conventional laparoscopic instru- 
ments, we found this exceedingly difficult because 
of the constraints of performing a continuously 
sutured anastomosis within a closed cavity. An 
interrupted suture technique with multiple extra- 
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Fig. 1. Demonstrates two-bladed Laparofan attached to 
Laparolift robotic arm which is fixed to operating room 
table. Concave and convex buttons lower and raise device 
electronically. Arm is tully adjustable by extension, retrac- 
tion, and rotation. Laparofan blades are inserted into 
peritoneal cavity under abdominal wall. By raising Lap- 
arolift arm, abdominal wall is elevated to create working 
cavity. (Courtesy of Origin Medsystems, Inc., Menlo Park, 
Calif.) 
corporeal ties could conceivably be accomplished; 
however, we found it to be tedious and too time- 
consuming. 
We realized that a technique that did not rely on 
a pneumoperitoneum would allow us to use standard 
vascular instruments for dissection and anastomosis. 
The Laparolift arm (Origin Medsystems, Inc., Menlo 
Park, Calif.) had been used by the authors and others 
to perform colon resections with a gasless laparo- 
scopic technique (Fig. 1). It has been successfully 
applied to pelvic operations by gynecologists a  well. 2 
We applied these same principles to vascular opera- 
tions in the laboratory. We were able to work within 
a gasless cavity that was in open communication with 
the operating room through small incisional ports 
ranging in size from 0.5 to 1.5 cm (similar to 
standard laparoscopic port size) and a single 4.0 cm 
incision. The positions of the aorta and iliac arteries 
were estimated by use of bony pelvic landmarks on 
the angiogram (symphysis pubis and anterior supe- 
rior iliac spine). Simple soft rubber trocars without 
valves were used to pass one or morc instrumcnts 
simultaneously. Laparotomy sponges and roticulat- 
ing fan retractors (Endoretract II; United States 
Surgical Corp., Norwalk, Conn.) were used to retract 
the bowel. Exposure was further facilitated by steep 
Trendelenburg positioning, by minimizing ventilator 
tidal volumcs, and with an excellent preoperative 
bowel preparation. 
The suturing technique takes advantage of the 
ability to pass the suture and needle easily in and out 
of the abdominal cavity. This could be done with a 
standard needle holder or laparoscopic needle holder. 
We werc able to perform a hemostatic anastomosis 
and arteriotomy closure under these conditions by 
combining conventional and laparoscopic methods 
in new ways. 
Although specific sites for the working incision 
and trocars depended on the individual patient, in 
general, the laparolift was inserted in the midline just 
a few centimeters above or below the umbilicus (Fig. 
2). The laparoscope was inserted in this same 
position through a plastic 10 mm trocar. A soft 
rubber 12 mm trocar was inserted in each quadrant. 
For the aortic procedures an additional upper midline 
trocar site was used. The 4 cm paramidline working 
incision, which allowed introduction of laparotomy 
sponges and two dissecting instruments (forceps, 
dissecting scissors, or electrocautery, for example), 
was placed 4 to 5 cm lateral to the midline. A total of 
five to seven abdominal access sites were required. 
The small bowel was packed into the right upper 
quadrant and held in position with roticulating fan 
retractors (one or two as needed). Dissection was 
performed with either conventional vascular instru- 
ments, laparoscopic instruments, or thorascopic in- 
struments. For the iliac anastomoses, an umbilical 
tape tourniquet was loosely passed around the most 
proximal common iliac artery as a backup to the 
standard vascular clamp, which was inserted through 
a separate stab incision in the left flank. For the aortic 
cases, inflow control was obtained with a long 
Debakey aortic clamp in the anterior-to-posterior 
position. A transverse clamp was also in position in 
the event the primary clamp slipped off. We were 
prepared but never had to use these backup inflow 
occlusion techniques. Lumbar arteries and aortic 
backbleeding were controlled with a single Lambert 
clamp inserted from below. 
The proximal anastomoses were performed with 
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Fig. 2. Basic operating room setup. Laparolift positioned to right of patient's upper torso in 
this case. Two television monitors are at head and one at foot. Port numbers 1to 4 and number 
6 are 0.5 to 1.5 cm in length. Port number 5 is 4 cm in length. Laparoscope is usually positioned 
with laparolift in port number 7 for aortic dissection and in port number 3 for pelvic dissection. 
Laparoscopic fan retractors in port numbers 2 and 4 and vascular clamps in port numbers 3and 
6. Inset shows retroperitoneal dissection with lower abdominal wall cut out. 
4 -0  polytetrafluoroethylene suture in running fash- 
ion. The distal anastomoses were completed in 
standard fashion through a vertical groin incision. 
Microvel Hemashield graft (Meadox Medicals, Oak- 
land, N.J.) was used for all bypass cases. 
CASE REPORTS 
Case 1. A 67 year old man with insulin-dependent 
diabetes and with no previous cardiac history was evalu- 
ated for left calf claudication 3 years before operation. 
Limb-threatening ischemia and nonhealing foot ulcers 
were not present. He had been advised to follow an 
exercise regimen and was given pentoxifylline (Trental). 
During the following 3 years his symptoms lowly ad- 
vanced to the point where he began to experience left 
calf and thigh pain when walking less than 50 yards. His 
ankle-arm index (AAI) was 0.50 on the left and 0.63 on 
the right. Postexercise recovery on the left was delayed 
for 8 minutes. Aortography with bilateral lower extremity 
runoff demonstrated occlusion of the left external iliac 
artery and moderate stenosis of the right common iliac 
artery. Both superficial femoral arteries had intermittent 
mild-to-moderate stenoses ( < 70%) but were patent (Fig. 
3). Aortobifemoral bypass was considered, but the patient 
refused because of the extent of operation and possible 
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Fig. 3. Aortogram of case 1 demonstrates occlusion of left 
external iliac artery and reconstitution of left common 
femoral artery. Left common iliac artery is relatively free of 
occlusive disease. 
complications. A left iliofemoral bypass was advised to 
treat the most symptomatic side first, planning to address 
the right side by angioplasty if indicated in the future. 
The patient weighed 198 lbs. (89.8 kg) and was 5'9" tall 
(1.75 m), for a body mass index of 29 (greater than 30 
is generally not considered for laparoscopic approach). 3 
The procedure took place on January 3, 1994. General 
anesthesia was induced with the patient in the supine 
position. The left femoral dissection was completed first 
with standard technique. A retroperitoneal tunnel was 
dissected anterior to the external i iac artery. A 7 mm graft 
was placed in the previously dissected tunnel anterior to the 
external iliac artery. The patient was given systemic 
heparin, and the graft was sewn end-to-side to the common 
iliac artery as described above. The iliac clamp time was 40 
minutes. The femoral anastomosis was then performed in 
the usual fashion. Total operative time was 5 hours, 45 
minutes. Estimated blood loss was 250 ml. 
The patient had a palpable left posterior tibial pulse and 
an AAI of 0.95. The right side was unchanged. A clear 
liquid diet was started, followed by a diabetic diet over 24 
hours; the patient had no nausea or abdominal distention. 
On the evening of the first postoperative day, he was 
ambulating without restriction and was receiving oral pain 
medication. He was discharged 48 hours after operation. 
During his office visits in the first and second postop- 
erative weeks, he was able to walk more than i mile without 
left leg claudication. His incisions healed without compli- 
cation. At 1-year follow-up his ileofemoral graft was p tent, 
although e had development of mild recurrent claudica- 
tion symptoms from worsening superficial femoral artery 
obstruction. Exercise was advised with no additional 
intervention at this time. 
Case 2. An 82-year-old man with a history of smoking 
and chronic obstructive pulmonary disease was admitted 
with bilateral claudication, left foot rest pain, and small 
ischemic ulcers. Noninvasive arterial studies showed an 
AAI of 0.31 on the left and 0.68 on the right. An 
aortogram with bilateral runoff showed occlusion of the 
left external iliac, common femoral, superficial femoral, and 
proximal deep femoral arteries (Fig. 4). On the right he had 
moderate diffuse stenoses of the common and external i iac 
arteries. The right common, superficial, and deep femoral 
arteries were patent. A preoperative persantine-thallimn 
stress test showed no reversible myocardial deficits. Echo- 
cardiography displayed normal wall motion and an ejection 
fraction of 50%. The patient weighed 154 lbs. (69.8 kg) 
and was 5'10" tall (1.77 m), for a body mass index of 22. 
On January 31, 1994, the patient underwent an 
aortobifemoral bypass with simultaneous left femoral 
popliteal bypass. The end-to-side aortic anastomosis was 
accomplished with gasless laparoscopic technique in a 
similar fashion as described above. The limbs of the 16 × 
8 mm bifurcated Microvel Hemashield graft were tun- 
neled in the standard retroperitoneal natomic position 
to each groin. The left anastomosis was performed 
end-to-side to the deep femoral artery, and the right was 
performed end-to-side to the common femoral artery. The 
left femoral popliteal bypass (6 mm, thin-walled, ringed 
polytetrafluoroethylene graft) originated from the distal 
limb of the aortofemoral graft to the above-knee popliteal 
position. The total operating time was 7 hours. The 
aortobifemoral portion of the procedure was about 6 
hours in duration. The cross-clamp time for the aortic 
anastomosis was 53 minutes, and the estimated blood loss 
was 700 cc. 
After operation, the patient was extubated immediately 
and observed overnight in the intensive care unit with heart 
and arterial monitoring. He required no blood product 
transfusions. The following day his nasogastric tube, Foley 
catheter, arterial line, and heart monitor were discontinued. 
A clear liquid diet was used, followed by a regular diet over 
24 hours. Less than 48 hours after operation the patient 
was ambulating without assistance, tolerating a regular 
diet, no longer receiving intravenous upport, voiding 
spontaneously, and receiving occasional oral pain medica- 
tion. His AAI was 0.92 on the right and 0.85 on the left. 
He was observed for an additional night in the hospital and 
discharged home the morning of the third postoperative 
day. 
One week after operation he was able to walk two 
blocks without claudication, and his incisions healed well. 
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Fig. 5. Aortogram of case 3 demonstrates short severe 
stenosis in distal left common iliac artery and occlusion of 
right external iliac artery. Both common femoral arteries 
reconstitute with good distal runoff. 
Fig. 4. Aortogram of case 2 demonstrates occlusion of left 
external iliac, common femoral, superficial femoral, and 
proximal deep femoral arteries with diffuse moderate 
occlusive disease of right common and external iliac 
arteries. 
His left foot ulcers resolved. Over the next few weeks his 
walking distance increased to about 1/2 mile. At 11 months 
after operation, he had maintained the same level of 
physical activity, and his noninvasive arterial examination 
result was unchanged. 
Case 3. This 67-year-old woman with an 80 pack-year 
history of cigarette smoking was a&nitted with progressive 
bilateral one-block claudication. She quit smoking and had 
only limited relief from an exercise program. A previous 
right external iliac angioplasty failed 1 year later, and a 
femorofemoral bypass had thrombosed after 2 years. An 
aortogram with bilateral runoff showed a short severe 
stenosis in the distal eft common iliac artery and occlusion 
of the right external iliac artery (Fig. 5). Both common 
femoral arteries reconstituted with good distal runoff: She 
weighed 144 lbs. (65.3 kg) and was 5'4" tall (1.62 m), for 
a body mass index of 25. 
She first underwent angioplasty and stent placement 
of the left common iliac lesion. This was complicated by 
dissection of the external iliac artery and thrombosis of 
the hypogastric artery. Four additional sequential stents 
controlled the dissection, and she had palpable left pedal 
pulses after the procedure (AAI of 0.79, an increase of 
0.2). 
Three weeks later a right iliofemoral bypass was 
performed with gasless laparoscopic technique. Theproxi- 
mal anastomosis was performed end-to-side to the com- 
mon iliac artery, and the graft was tunneled in anatomic 
position to anastomose end-to-side to the common femo- 
ral artery in the standard fashion. Operative time was 5 
hours, and no blood product ransfusions were given. She 
was discharged home on the morning of the second 
postoperative day. At 1-week follow-up, she had recov- 
ered well and had bilateral palpable pedal pulses with no 
postexercise fall in ankle arterial pressure on Doppler 
examination (right AAI of 0.83, an increase of 0.15). At 
9 months after operation, she had no claudication in 
either leg, and her segmental Doppler examination result 
was unchanged. 
Case 4. A 60-year-old woman with a history of 
smoking was admitted with a 2-year history of progressive 
bilateral hip and thigh claudication, which prevented her 
from working. Cessation of smoking and an exercise 
regimen produced only marginal improvement. 
Segmental rterial Doppler study results with exercise 
showed bilateral aortoiliac segment occlusive disease with 
resting AAI of 0.79 on the right and 0.75 on the left. 
After exercise the AAI fell to 0.24 on the right and 
0.25 on the left with markedly delayed recovery. Angi- 
ography demonstrated aortic bifurcation stenosis with 
very short segment iliac disease and normal runoff be- 
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Fig. 6. Aortogram of case 4 demonstrates aortic bifurca- 
tion stenosis with normal iliac and femoral artery runoff. 
low the iliac arteries (Fig. 6). She weighed 135 lbs. (61.2 
kg) and was 5'5" tall (1.65 m), for a body mass index 
of 22. 
With gasless laparoscopic te hnique aortoiliac endar- 
terectomy with primary closure of the aortoiliac arteri- 
otomy was performed. Exposure was obtained from the 
level of the renal vein to the distal common iliac arteries 
bilaterally. The lumbar arteries were secured with metallic 
clips (Endoclip; United States Surgical Corp., Norwalk, 
Conn.). 
Palpable pulses were present immediately after the 
operation. The patient was observed overnight in the 
intensive care unit with arterial monitoring. The nasogas- 
tric robe was removed the evening of surgery. Within 48 
hours the patient was ambulatory, no longer receiving 
intravenous upport, and receiving occasional oral pain 
medication. She was discharged home on the third post- 
operative day, tolerating a regular diet. 
A follow-up visit in the office at 12 days showed 
incisions healing well, palpable posterior tibial and dorsalis 
pedis pulses bilaterally, and complete relief of claudication. 
Postoperative noninvasive arterial studies showed right 
AAI of 1.1 and left AAI of 1.0 with no significant 
postexercise reduction. This remained unchanged at the 
8-month follow-up examination. 
DISCUSSION 
A laparoscopic vascular anastomosis presents for- 
midible challenges. Given the constraints of operative 
endoscopy and the technical difficulty of most vascu- 
lar procedures, it is not surprising that this subspe- 
cialty has not been revolutionized by laparoscopy. 
Our primary goal was to develop a minimally 
invasive vascular approach while retaining certain 
basic surgical principles: good exposure, safe control 
of the blood vessel, and meticulous completion of the 
anastomosis. This desire did not seem unreasonable 
on the basis of several factors. First, Childers et al.4 
reported the safe performance of more than 60 
aortoiliac dissections for staging gynecologic malig- 
nancies. With a pneumoperitoneum, Trendelenburg 
positioning, and a preoperative bowel preparation, 
the authors have demonstrated the feasibility, ad- 
equacy, and safety of this procedure. Equally impor- 
tant, they have demonstrated the limitation that 
obesity places on this approach. They refer to the 
body mass index as a useful estimation of technically 
limiting obesity. 3 If the patient's weight in kilograms 
divided by the height in meters squared is 30 or 
greater, then the patient's operation would not likely 
be performed with laparoscopy. For example, an 
individual 5'8 tall (1.73 m) and 200 lbs. (90.7 kg) 
would have a body mass index of 30. s 
Additional limitations to classical laparoscopy 
with insufflation were discovered uring our labora- 
tory evaluation in the porcine model. It was exceed- 
ingly difficult to accomplish a continuously sutured 
vascular anastomosis with currently available endo- 
scopic instruments. An interrupted anastomosis with 
multiple extracorporeal ties seemed possible but 
tedious and time-consuming. Significant bleeding 
that required continuous and vigorous uctioning 
would result in collapse of the cavity with immediate 
loss of visualization. Consequently, the feasibility of 
a newer technique with gasless laparoscopy was 
explored. In this case, the Laparolift (Origin Med- 
systems, Inc., Menlo Park, Calif.), a planar lifting 
device attached to a mechanical arm, creates a 
peritoneal working cavity. In the animal model, and 
in our four patients, we have found that the 
advantages clearly outweigh the disadvantages. 
Perhaps the greatest advantage is the ability to use 
standard surgical instruments to achieve secure arte- 
rial control with vascular clamps and to complete a 
continuously sutured anastomosis n the usual fash- 
ion. Current laparoscopic devices do not provide the 
security to clamp a calcified aorta or the dexterity to 
sew a difficult arterial wall. New vascular laparoscopic 
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instruments on the horizon may solve some of these 
problems. In addition, modification of our standard 
surgical instruments would greatly improve the 
technique. However, this does not address the 
inherent difficulty in use of continuous uctioning 
within a closed, gas-inflated cavity. In the face of 
vigorous bleeding, without a pneumoperitonemn, 
constant vigorous uction or irrigation can bc used as 
needed to maintain good visibility. Finally, the 
potential complication ofcarbon dioxide mbolism is
eliminated. 
The primary disadvantage was adjusting to a 
truncated pyramid-shaped cavity, rather than the 
larger dome-shaped space that develops with gas 
insufflation. New lifting devices in the future may 
improve the shape of the working cavity. Whereas 
Childers et al. 4 were able to brush the small bowel 
mesentery toward the right upper quadrant for 
exposure of the posterior peritoneum, classical 
bowel-packing techniques with laparotomy pads and 
retraction were needed in the gasless cavity. The first 
goal, that of gaining well-controlled exposure, could 
be accomplished under gasless conditions. However, 
at this point in the technical development, it is 
perhaps the most ime consuming and difficult part of 
the procedure. The small 4 cm incision is needed for 
introduction of the laparotomy sponges. If a different 
method of retraction could be devised, then this 
incision could be reduced in size. A retroperitoneal 
approach might be another alternative, with the veil 
of peritoneum to retract the bowel. So far, the 
laparoscopic approach as been aborted in only one 
patient, and this was due to lack of consistently good 
exposure of the infrarenal aorta. An aortobifemoral 
bypass was completed with open laparotomy without 
complication, and the patient's postoperative course 
was not altered by our initial laparoscopic attempt. 
Because the procedure is performed within an 
essentially closed cavity, a dislodged proximal vascu- 
lar clamp would be life-threatening. In each case a 
backup means to control arterial inflow was devised, 
although we have not had to use it. When performing 
the iliac anastomosis, we loosely placed a tourniquet 
with umbilical tape above the proximal clamp. For 
the aortic anastomosis and endarterectomy, inflow 
control was obtained with an anterior-to-posterior 
aortic clamp. In the event his clamp began to slip, a 
transverse clamp already positioned was ready to 
secure. 
All new surgical procedures fall victim to the 
"learning curve." This means initial procedures are 
generally more time-consuming and have a higher 
complication rate. Fornmately, our first four cases 
were uncomplicated, but our operative times were 
long. Further experience will likely lead to decreased 
operative times and will also help delineate 
the limitations and safety of this new procedure. 
Although five to seven ports were needed, current 
experience with laparoscopic Nissen fundoplica- 
tion (five ports) indicates that patients till benefit 
with faster postoperative r covery and less pain. 
We began with end-to-side iliac and aortic anas- 
tamoses. Potentially this technique could be applied 
to more difficult end-to-end anastomoses and an- 
eurysmal disease. We expect hat reoperative cases, 
large or perirenal aneurysms, renal artery recon- 
structions, and other complex abdominal vascular 
disease may be prohibitively difficult. However, our 
initial experience indicates that this laparoscopic 
approach to vascular surgery is worthy of further 
investigation. 
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